Liver cirrhosis was introduced experimentally in rats by the long-term administration of carbon tetrachloride.
Introduction

Asialoglycoproteins
(ASGP) are internalized into hepatocytes by a receptor which recognizes nonreducing terminal galactose and N-acetylgalactosamine residues of carbohydrate chains S -132
and which exclusively localizes in liver parenchymal cells" . There have been many reports that hyperasialoglycoproteinemia was observed in patients with liver diseases2-6) . We found that a decrease in the number of asialoglycoprotein receptors (ASGPR) led to the accumulation of ASGP in sera of galactosamine-treated rats and patients with chronic liver diseases6, 7)
We also showed that the half-life of asialoorosomucoid administrated intravenously was in inverse proportion to the amount of ASGPR6 for 12 weeks. Control animals recieved olive oil for the same period. All experiments were performed at 5 days after the last injection.
All animals were histologically examined. They were classified as having typical and early cirrhosis according to the histological findings : Typical cirrhosis was defined to be present when fibrous tissue bands had completely encircled zones of hepatic parenchymal cells (Fig. 1) . 
Preparation of microsomes
Rat livers were stored at -80°C at least for one month, because hepatic clearance of 99mTc-NGA was measured in the same rats . It has been shown that receptor activity does not change during this storage'" . Liver microsomes were prepared as described previously6' .
Proteins
Human orosomucoid and asialoorosomucoid were prepared as described previously14) 
Measurement of liver hydroxyproline
Liver tissues (1-2 g) were homogenized and hydrolyzed in 6 N HC1 at 118°C for 24 hours.
The hydrolyzates were evaporated in vacua at 65°C and dissolved in distilled water. Extraction and measurement of hydroxyproline were carried out according to the method of Blumenkrantz et al. 19 ).
Hepatic clearance of 99 raTc-galactosyl-neoglycoalbumin
Rats were anesthetized with pentobarbital (5 ml/kg body wt) and were anteriorly positioned under a Toshiba GCA-90B digital gamma camera. 99mTc-NGA (500 rig/kg body wt) was injected intravenously via the juglar vein of control and cirrhotic rats. Immediately after the injection, serial images of the heart and liver were acquired by an image processing computer at a rate of 10 seconds per frame. The time course of radioactivity in heart and liver and a computer image of the liver 20 min after injection into a normal rat are shown in Fig. 2A and 2B, respectively. The half-life of 99mTc-NGA in the heart was used as the clearance rate of 99mTc-NGA from the circulation. Hepatic clearance of 125I-asialoorosomucoid was measured as described previously6) .
If the in vivo behaviour of asialoorosomucoid and NGA is similar, no difference should be observed between the half-life of asialoorosomucoid and that of NGA. Fig. 3 shows that the half-life of asialoorosomucoid exactly correlates with that of NGA in the control and cirrhotic rats.
Other assays and statistical analysis Cytochrome P450 and cytochrome b5 were measured as described by Omura and Sato2°) , and Takesue and Omura21) , respectively. Statistical analysis was carried out by Student's "t" test and linear regression analysis . The results are represented as means + SD.
Results
We first examined the biochemical changes in rat liver after long-term administration of CC14.
Hydroxypro line content
The amount of hydroxyproline in control rats was O. 85 +0. 11 mg/g liver. That in early and typical cirrhosis had increased to 2. 5 and 4 times the control value, respectively , in keeping with the histological observations ( Table 1) . In early stage, the hydroxyproline content exhibited a greater spread : from the upper limit of the controls to the values for typical cirrhosis (Fig. 4) . Thus the long-term administration of CC14 increased the collagen content in rat livers. Fig. 2 Time course of 99mTc-NGA radioactivity in normal rat liver and heart. 99mTc-NGA containing 32 galactosyl residues per albumin molecule (500 pg/kg body wt) was injected intravenously, and the radioactivity of each region of interest (heart and liver) was serially measured with a digital gamma camera as described in Materials and Methods ( Fig . 2A) . A clear computer image of the liver was also obtained 20 min after the injection of 99mTc-NGA (Fig. 2B) . The half-life of 99mTc-NGA in control and cirrhotic rats was measured as described in Materials and Methods.
Three days after the injection of 99mTc-NGA, 125I-asialoorosomucoid (300 pg/kg body wt) was administered intravenously to the same rats. Blood samples were taken at 2, 5, 10, 15, and 20 min after injection, and the radioactivity of 1251-asialoorosomucoid in plasma was measured 10 days after the sampling.
Asialoglycoprotein reseptor
The amounts of ASGPR in early and typical stage were 63% and 28. 7% of the control value (2484 +175 U/g liver) , respectively ( Table 1 ) . Fig. 4 shows that there was a good correlation between the amount of hydroxyproline and that of ASGPR (r=0. 869). No significant difference of specific receptor activity was found among control, early, and typical cirrhosis rats. These results suggested that the amount of ASGPR in cirrhosis depended on collagen content and that the decrease of ASGPR was not due to the diminished receptor activity of a hepatocyte but to a decreased number of hepatocytes with approximately normal receptor activity. The liver specimens were obtained from rats which had been treated with CC14 for 12 weeks. The amount of protein, receptor activity, and hydroxyproline were measured as described in Materials and Methods. The receptor activity per gram liver was calculated by multiplying the specific receptor activity by the amount of microsomal protein per gram liver.
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Microsomal enzymes
The changes in the microsomal protein, cytochrome P450, and cytochrome b5 after administration of CC14 were also measured ( showed similar response.
Clearace of 9 9mTc-galactosyl-neoglycoalbumin
The above results suggested that the ASGPR content depended on the functional hepatic mass, which decreased in inverse proportion to the amount of collagen fibers in cirrhotic rats. We next examined whether or not the hepatic clearance of 99mTc-NGA from the circulation could reflect the functional hepatic mass. When injected intravenously into normal rat, 99mTc-NGA disappeared rapidly from the blood (Fig. 2) , the half-life being 1. 59 ±0. 16 min in control rats (Fig. 5) . That of 99mTc-NGA in early and typical cirrhosis was markedly prolonged to 2. 85 ± 0. 16 min and 5. 00 ± I. 09 min, respectively, in keeping with the advance of liver cirrhosis (p<0. 001) . If ASGPR is exclusively responsible for the 
Discussion
The repeated administration of CC14 to rats resulted in liver cirrhosis, as has been reported by Cameron and Karunaratne22) and others13, 23) Cirrhosis was clearly indicated by the biological finding that the collagen content, based on hydroxyproline, determination, increased to 4 times that of the controls, and by the histological evidence that bands of fibrous tissue had completely encircled zones of hepatic parenchymal components. These results are in agreement with the report of Kent et al. 24) • In cirrhotic rats, the ASGPR content per gram liver weight was only 30% of the control value, as described in the previous paper7) .
However, it has not been clear whether this change was due to a decrease in the receptor activity of a hepatocyte or in the number of hepatocytes. As mentioned in results, we are now able to show that ASGPR content depends on the functional hepatic mass, because the amount of collagen was in inverse proportion to that of ASGPR and there was no significant difference between ASGPR activity per mg protein in control and in cirrhotic rats. In addition, cytochrome P450 and cytochrome b5 showed a similar response, as described by 
